Introduction

34
The globally occurring warming trend is especially pronounced in the arctic region as a consequence within the dataset and is positively correlated to BETULA NANA type and negatively to ERICACEAE 239 and some herb taxa, such as CHENOPODIACEAE and BRASSICACEAE. 240 A transfer function-based estimate of July temperature for the upper sample yields 14.5°C, which is in 241 close agreement with the modern satellite-based temperature inference of 14.2°C for the Khatanga 242 region (mean over n=15). The test of the significance of the transfer-function indicated that the pollen-243 inferred T July reconstruction was statistically significant (p=0.037). The pollen-based climate 244 reconstruction of T July revealed a cooling trend over the last ~7,100 cal. years with an absolute change 245 of about 2 °C. Relative to the overall Holocene cooling trend, periods of variable summer temperature 246 occurred between 1,500 and 1,000 cal. years BP (4 samples) as well as between 900 and 247 700 cal. years BP (3 samples). 248
[figure 3, Sup. Fig 1A] 
Sedimentological data 250
Total organic carbon (TOC) varied between 0.9 and 17.8 wt% and total nitrogen (TN) ranged between 251 0.1 and 1.5 wt% (Fig. 4) . Both element curves show generally similar variations, still C/N varied 252 between 1 and 16. Bromine counts correlated well with the organic components (Pearson correlation 253 index: 0.6-0.65). Over the whole core, the water content varied between 15 and 85 wt%. In the bottom 254 ten centimetres, high values are measured followed by a drop around 120 cm depth and then by a 255 steady gradual increase of the water content towards the surface sediments. The geochemical 256 components expressed as the ratios Al/Ti, Si/Ti, Rb/Sr, and Fe/Mn show relatively small variations 257 throughout the core, with the highest variability in the lower 45 cm (7,100-5,500 cal. years BP, Fig.  258 4). Iron and manganese show similar trends throughout the core, however Fe shows more variation, 259 particularly since 2,700 cal. years BP. 260
The minerogenic sediment component mainly consists of fine to medium silts with occasional sections 261 of fine sands with a mean grain size of ~11 µm and maximum sample means of 75 µm. The chosen 262 EM model explains a mean of 79% of the total variance over the sediment core. The model error is 263 largest in the lowermost section of the core. EM1 has its main maximum in the medium-to-fine sand 264 fraction. EM2 displays its maximum at the silt-to-clay transition (Sup . Fig 2A) . 265
Depth-constrained cluster analysis of the various sedimentological datasets reveals a significant split at 266 115 cm depth (~6,600 cal. years BP). Based on the clustering and visual inspection, the upper zone 267 was further divided into six subzones (Fig. 4) . The first and second PCA axes explain 50% and 15% of 268 the variance, respectively (Sup. Fig 3A) . With the selection of the study site we aimed at capturing a regional-scale pollen signal. Because CH-291 12 lacks any inflowing streams, the portion of fluvial pollen input should be minimal; also only a 292 minor proportion of pollen may be introduced to the small lake via slopewash (Crowder and Cuddy, 293 1973; Fall, 1992) . Consequently, most of the deposited pollen grains are of aerial origin. As a function 294 of the lake size, the relevant source area of pollen (RSAP; Sugita, 1994 ) is expected to encompass an 295 area with a radius of hundreds of metres to a few kilometres. An estimation of its actual size depends 296 not only on lake size but also on surrounding vegetation, namely its composition, spatial structure and It is well-known that LARIX is underrepresented in the pollen spectra compared to its abundance in the 312 vegetation, because it is a medium-to-low pollen producer and has a low pollen dispersion (Clayden et Siberia indicate that northern larch forests are typically reflected by 2% LARIX in the pollen spectra 319 (Klemm et al., 2013) . 320
The pollen-based quantitative mean July temperature reconstruction is highly correlated to PCA1 and 321 the reconstructed changes are larger than the error ranges. The significance of the T July reconstruction 322 for this core also supports that T July may be the driving force of pollen changes. Therefore, the trend 323 and the absolute temperature offset between the middle and late Holocene can be considered reliable. 324
The absolute values, however, may be rather biased towards the mean of the trainings set (see e.g. 
Catchment and lake development 367
The initial lake development started from a small water-hole in a boggy environment. High terrestrial 368 organic input together with the presence of large macrofossils supports a conclusion of very local 369 sedimentation of plant material into a small wet depression. Additionally, the presence of pollen from 370 the semi-aquatic Menyanthes trifoliata is typical for a shallow water-logged environment. Initial 371 lacustrine sedimentation started around 7,000 cal. years BP during the late phase of the regional 372 climate optimum that occurred from 9,000 to 6,800 cal. years BP (Andreev et al., 2011) . Thermokarst 373 processes are assumed to be more active in times of warming and accordingly strong thermokarst 374 activity has been reported for Siberia during the early and mid-Holocene 
Conclusions
426
An overall cooling of summer temperature by about 2 °C since 7,000 cal. years BP was reconstructed 427
by the application of a pollen-based transfer function to a sediment record from a lake located at the 428 present-day northern larch limit on the southern Taymyr Peninsula. This trend is significant and adds 429 to information to the Taymyr region especially due to the good resolution of the lacustrine core for the 430 last 2,000 years. The temperature decrease mainly reflects the density decrease of larch forests 431 supporting the high sensitivity of this ecosystem to climate variations.. Regional vegetation change 432 generally matches the lake system development and is probably driven by climate-related thermokarst 433 processes. However, the sub-millennial scale changes and variability differ for each proxy dataset, i.e. 434
we inferred a lagged vegetation response and a non-linear lake system response to climate. This 435 studies approach combining the regional vegetation signal and the more local lake catchment signal 436 helps to understand the resolution of both reconstructed signals and highlights that a careful 437 consideration of the scale of the reconstruction has to be made. 438
